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Mitotic Spindle: Laser Microsurgery in
Yeast Cells
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Laser microsurgery has led to remarkable discoveries
in a number of cell types. Two recent studies have
shown that this classical technology can now be
employed with small yeast cells. This advance will
enable regional ablation to be combined with facile
genetic manipulation in a eukaryotic cell.
Some cell biologists just like to watch, while others
prefer to poke, prod and manipulate. The pokers and
prodders have a distinguished record of uncovering
fundamental biological principals from simple,
elegant experiments. This began with developmental
biologists, who used transplantation experiments to
identify regions of embryos that specified different
cell fates, and has extended to classic experiments
that continue to define some of the central issues in
modern cell biology. Microsurgery experiments by
Ray Rappaport [1] revealed the role of overlapping
microtubule arrays in determining the cell cleavage
plane during cytokinesis. Nicklas and Koch [2]
demonstrated the importance of tension on kineto-
chores to signal the completion of chromosome
alignment on the mitotic spindle. Laser cutting exper-
iments [3,4] uncovered the existence of pulling forces
generated by astral microtubules on the anaphase
spindle in certain eukaryotic cell types. 
Because most cell biologists now study relatively
small tissue culture cells, rather than the larger
embryonic cells used in the pioneering studies, laser
microsurgery has become a weapon of choice for the
manipulators [5,6]. More recently, the use of GFP-
tagged proteins has enabled lasers to be targeted more
specifically to even smaller structures, such as the cen-
trosome [6,7]. The manipulators continue to push the
envelop of smallness, and two recent reports in Current
Biology [8,9] have now demonstrated the utility of laser
microsurgery in yeast, the smallest and most genetically
tractable eukaryotic system for studying cell division.
“Why bother with laser microsurgery on yeast?” the
old-fashioned geneticist might ask. “Yeasts are more
easily ‘dissected’ by mutations. And anyway, isn’t this
using a cannon to kill a gnat?” Although we like to think
of genetic mutations as ‘smart bombs’ to study gene
function, disrupting a multifunctional gene product not
uncommonly has more of a ‘scud missile’ effect, pro-
ducing hard to interpret collateral damage. This
problem can sometimes be addressed by studying
specific alleles, but often such informative alleles are
not available. Furthermore, mutations tend to inactivate
gene functions globally, while cell biologists often
really want information about local activity. Cell biolo-
gists also need functional information with rapid time
resolution, and functional inactivation through condi-
tional mutations can be slow. 
All of this makes an appealing case to try laser
microsurgery on yeast. This appeal is only enhanced
when one considers the fact that the engines driving
intracellular movements are often ‘over-built’,
consisting of several overlapping mechanisms. Thus,
genetics can be used to strip down over-built
processes, and laser microsurgery can then be used
to characterize individual mechanisms. The power of
this combined genetic/microsurgery approach has
been elegantly demonstrated by experiments in the
nematode Caenorhabditis elegans [4].
The first step to apply laser microsurgery to yeast
was to see if these small cells could survive the insult.
Working with the fission yeast Schizosaccharomyces
pombe, Khodjakov et al. [8] performed a careful
series of experiments to show that irradiation with a
green laser beam did not cause a general disruption
in cell integrity but rather produced small, approxi-
mately 500 nm2 ‘scars’, similar to those previously
observed in animal cells. Most importantly, many
aspects of normal cell division continued after laser
microsurgery. Tolic-Norrelykke et al. [9] observed that
S. pombe cells could similarly survive the even longer
wavelength irradiation from the excitation beam of a
two-photon microscope. After a recent keynote talk
at this year’s American Society for Cell Biology
meeting on cytokinesis, Ray Rappaport fielded a
question concerning potential artifacts resulting from
the surgical manipulation of cells. His response was
simple: “I always designed an experiment where the
endpoint was the division of the cell.” Rappaport’s
time-tested design remains the gold standard.
As a proof of principle for the use of laser surgery in
fission yeast, Tolic-Norrelykke et al. [9] and Khodjakov
et al. [8] both targeted their heavy artillery into a well-
characterized process: the forces that control
elongation of the mitotic spindle. Like other eukary-
otes, fission yeast cells assemble a microtubule-
based bipolar spindle which elongates at anaphase,
distributing sister chromosomes to the two daughter
cells [10] (Figure 1A). The two half-spindles are linked
at the spindle midzone, where antiparallel ‘polar’
microtubules adopt a characteristic square-packed
distribution [11,12]. The midzone houses a wealth of
microtubule-associated proteins (MAPs), motors and
signaling molecules [12]. During spindle elongation,
the midzone motors slide the half-spindles apart, and
the polar microtubules polymerize from their plus-
ends; the MAPs and motors maintain the interaction
between the half-spindles in the face of all this activ-
ity [12–15] (Figure 1B).
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The first question both groups [8,9] wanted to
address was the origin of the forces for spindle
elongation. Although there was abundant evidence
that this would come from ‘pushing’ forces on the pole
from the central spindle [13,14], some recent studies
had raised the possibility that astral microtubules
could contribute to the rate of spindle elongation [16].
After blowing away the spindle midzone in anaphase
cells, however, both groups [8,9] observed that the
spindle poles promptly collapsed inward, presumably
as a result of the elastic recoil of the nuclear envelope
[8,9] (Figure 1C). This inward movement strongly sug-
gests that, in fission yeast, astral microtubules exert
little, if any, pulling forces on the spindle poles; the
main driver for spindle elongation is indeed pushing by
the central spindle.
By following the severed spindles by timelapse
microscopy, both groups [8,9] made an additional
and remarkable observation: in most spindles that
had been severed during mid-anaphase, the two
halves eventually came together and the resulting
‘healed’ spindles resumed elongation at a normal
rate. This was only observed in mid-anaphase cells,
and spindle healing therefore correlated with exten-
sive overlap of antiparallel microtubules. Moreover,
when Khodjakov et al. [8] severed spindles close to
their insertion into one spindle pole body (SPB), the
larger, midzone-containing, spindle fragment still
elongated. This elongation had the hallmarks of a
normal anaphase B: antiparallel microtubules slid
past each other and microtubules polymerized from
their plus ends, as evidenced by the use of photo-
bleaching to place a fiduciary mark in the midzone of
the long spindle fragment (Figure 1D). In fact, if the
spindle is severed from both SPBs, it still elongates,
albeit at a slower rate [8]. Thus, the SPBs are not
absolutely required for spindle elongation, although
they clearly promote many aspects of cell division, for
example the channeling spindle forces onto specific
domains of the nuclear envelope.
Tolic-Norrelykke et al. [9] applied the laser
microsurgery to another interesting process in fission
yeast mitosis: the mechanism by which astral
microtubules position the pre-anaphase spindle prior
to spindle elongation. Geometrical constraints can
position elongating spindles within rod-shaped
fission yeast; however, astral microtubule–cortical
interactions appear to make this process more effi-
cient. Indeed, a cell-cycle checkpoint has been pro-
posed to delay anaphase if spindle alignment is
impaired [16–18]. 
A key open question is whether the astral micro-
tubules push or pull the spindle into alignment. Tolic-
Norrelykke et al. [9] filmed astral microtubule–cortical
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Figure 1. Microtubule-dependent forces on the spindle pole bodies during the cell cycle in fission yeast. 
(A) Microtubule interactions with the cell ends generate the pushing force (arrows) to center the nucleus in interphase. As cells
progress into mitosis, a short spindle assembles in the nucleus. Interactions of astral microtubules with cortical regions around the
nucleus appear to orient along the longer cell axis (arrows). A number of microtubule-associated proteins, microtubule motors and
regulatory proteins promote anaphase spindle elongation by sliding apart overlapping antiparallel microtubules at the spindle
midzone — boxed area detailed in (B). (C) Severing the spindle by laser microsurgery resulted in the inward movement of the spindle
poles (red arrows). Strikingly, most of the mid-anaphase cut spindles re-annealed and elongated at a normal rate. (D) Laser dissec-
tion of spindle poles did not abolish spindle elongation. Bleaching marks (gray boxes) made in off-center severed spindles move
symmetrically away from the midzone. This experiment demonstrates that the spindle elongates by force generated by the sliding of
antiparallel microtubules coupled to polymerization of microtubules from their plus-end.
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interactions during spindle orientation and measured
the rate at which the angle between the spindle and
the cell axis changed. Centering movements occurred
when polymerizing astral microtubules seemed to
push the spindle pole away from the cortex (Figure 1A
‘Pre-anaphase’). Moreover the rate of these move-
ments increased by about 40% if the spindle was
severed, strongly suggesting that the poles are
pushed by polymerizing astral microtubules against
the resistance of the intact spindle. 
A mathematical model of the process was formu-
lated, from which the authors estimate the magnitude
of the pushing force to be between 1–10 pN. Thus, as
with the centering of the fission yeast nucleus during
interphase [19], pushing forces by astral microtubules
are an important and possibly the only mechanism for
positioning preanaphase spindles in fission yeast
[9] (Figure 1A).
Is laser microsurgery in yeast a one-off shot, or is
this the beginning of a sustained campaign? Only time
will tell, but a number of potential applications imme-
diately suggest themselves. In both budding and
fission yeast, there is an asymmetric distribution of a
number of molecules between the mother and daugh-
ter SPBs [20]. Ablation of one or the other pole should
be useful to test the functional consequences of these
asymmetries. In fact, Khodjakov et al. [8] have prelimi-
nary evidence that ablation of both poles, but not
either pole individually, abolishes pole-derived signals
for cytokinesis. Therefore, we suspect that laser micro-
surgery in yeast is here to stay. It may now be added
to the growing list of biophysical and computational
tools that, coupled to the ease of genetic manipulation,
make yeast certainly the most fun, and possibly the
most fruitful, system to study cell division.
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